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ABSTRACT The supplementary feeding of cervids is a widespread practice across the northern hemi-
sphere. There are few studies, however, regarding the extent of feeding in space and time. There are adverse
effects of supplementary feeding, of which the most severe are increased parasite and disease transmission.
With the recent emergence of chronic wasting disease (CWD) among cervids in Norway, a legal regulation
was issued that banned all supplementary cervid feeding. We quantified the spatial extent and intentions of
feeding cervids across all of Norway using a questionnaire at the municipality scale. We also compared
spatial extent of feeding before and after the feeding ban to shed light on the ability of regulations to control
supplementary feeding. Supplementary feeding to increase winter survival and targeting roe deer (Capreolus
capreolus) was more common (48.4% of the municipalities) than the feeding of red deer (Cervus elaphus;
20.5%) and moose (Alces alces; 7.4%). The main feeding period was January—March, but extensive feeding
also occurred from November to December and in April. Reducing traffic accidents was also a motivation,
particularly for the feeding of moose (14.5%), and this was the main motivation (86%) for public feeding.
Among the 65.7% that responded, 53.3% reported they knew about supplemental feeding of cervids in their
municipality. In the region with the first feeding ban, 80.2% of municipalities were feeding in 2015-2016
before the ban, which was reduced to 68.4% in 2016—2017 and remained at 68.4% in 2017-2018. In the
remainder of Norway, 81.4% were feeding in 2015-2016, and 72.6% were feeding in 2016-2017, but after
the ban, this increased to 78.6% in the harsh winter of 2017-2018. Our study highlights that regulations
across broad scales may not be followed and that more spatially targeted regulations and increased en-
forcement are required for disease transmission to be more effectively combated. © 2019 The Authors.
Journal of Wildlife Management published by Wiley Periodicals, Inc. on behalf of The Wildlife Society.

KEY WORDS chronic wasting disease, cervids, disease ecology, disease management, legal regulations, supplemental
feeding, wildlife feeding.

The supplemental feeding of wildlife is a widespread
practice across Europe and North America (Putman and
Staines 2004). Feeding is often intended to increase winter
survival of cervids (Schmidt and Hoi 2002, Milner et al.
2014), but feeding is also used as a diversionary measure
for reducing browsing damage to forests or attracting
cervids away from roads to reduce traffic accidents (Wood
and Wolfe 1988). Feeding wildlife changes animal
behavior and therefore has many unintended side effects

(Milner et al. 2014). Feeding has turned moose (Alces alces)
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into central place foragers (van Beest et al. 2010), and the
home range sizes of roe deer (Capreolus capreolus) have
been reduced (Ossi et al. 2017). Supplemental feeding
leads to animal aggregation, causing locally high browsing
pressure on natural forage (Brown and Cooper 2006,
Mathisen et al. 2014) and changing the plant community
structure in turn (Smith 2001). The redistribution of
individuals and groups can change the genetic structure of
deer populations (Blanchong et al. 2006). However, there
are few quantitative studies regarding the spatial extent
and intentions of feeding at broader scales. In Spain, 63%
of 30 populations of red deer (Cervus elaphus) were fed
during the rutting season (Pérez-Gonzilez et al. 2010). In
Idaho, Oregon, Utah, Washington, and Wyoming, USA,
31,000 elk (Cervus canadensis) were fed (Smith 2001). The
feeding of wildlife is controversial and not legal every-
where, but little is known about how effective legal
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measures are at preventing people from feeding (Inslerman
et al. 2006, Rudolph et al. 2006).

An effect of feeding is the increased chance of parasite and
disease transmission (Milner et al. 2013, Sorensen et al.
2014) due to increasing contact rates between hosts or by
promoting pathogen accumulation at feeders or the
surrounding environment (Murray et al. 2016). In the
United States, there were increased concentrations of the
prions that cause chronic wasting disease (CWD) around
the artificial mineral licks used for white-tailed deer
(Odocoileus virginianus, Plummer et al. 2018), and such
sites are regarded as hotspots for disease transmission
(Mejia-Salazar et al. 2018). It is therefore common in the
United States and Canada to ban wildlife feeding and
baiting to achieve a lower transmission rate of CWD (Gillin
and Mawdsley 2018). There is often considerable un-
certainty, however, regarding compliance when new policy
or regulations are implemented in wildlife management
(Nichols et al. 1995). In Michigan, USA, baiting and
feeding of white-tailed deer continued despite a regulatory
ban in an area with bovine tuberculosis (Carstensen et al.
2011). In 2016, an outbreak of CWD in a reindeer
(Rangifer tarandus) population in Norway was discovered
(Benestad et al. 2016, Mysterud and Rolandsen 2018).
Therefore, the Norwegian Food Safety Authority issued
(through the Ministry of Agriculture and Food) a regulation
banning all supplemental feeding and the use of saltlicks
targeting cervids to limit the chance of spreading CWD
(Landbruks- og matdepartementet 20164). Baiting during
hunting is not a common practice in Norway, but
supplemental feeding has become popular in many areas
and is often applied by hunters during winter to enhance
deer survival. We therefore do not know how effective
management actions, in terms of legal regulation, will be at
stopping cervid feeding, and the implementation uncer-
tainty of this management action appears high.

We used a national questionnaire sent to the person
responsible for wildlife management in all 420 municipalities
in Norway. Our objective was to answer and quantify 5
questions: 1) What is the spatial extent of the supplemental
feeding of cervids? 2) What types of feed are used, and what
are the motivations behind feeding? 3) Does feeding vary
with the population density of roe deer, red deer, and moose
and with broad environmental variables? 4) To what level has
the legal ban of feeding reduced the spatial extent of feeding?
5) Has feeding ceased altogether with the stricter legal ban
within the CWD management zones (Selbu and Nordfjella)?

STUDY AREA

The study area covered all of Norway (Fig. 1). Norway cover
385,180 km? and a wide latitudinal range with contrasting
ecosystems (see Mysterud et al. 2016 for a more detailed
description). The climate severity, in terms of colder winter
temperatures and increasing snow depths, generally in-
creases from coast to inland and from south to north.
Moose occur in most of the country, but the numbers are
low in western Norway (Fig. 2) and above the tree line.
Conversely, red deer occur at high densities in western and

central Norway and at lower densities in the south and east
(Fig. 2). Roe deer follow the distribution of moose in the
southern parts of Norway and are, for the most part, absent
from northern Norway (Fig. 2). There is no authorized
teeding of wild reindeer in Norway.

Regulations

In the Public Administration Act of Norway, a regulation
(forskrift) is a decision concerning rights or obligations to an
indefinite number or an indefinite circle of persons (Law
paragraph § 2; Justis- og beredskapsdepartementet 2017).
The feeding ban regulation was instituted before the winter
2016-2017 and included the counties of Nord-Trendelag,
Ser-Trendelag, Mere og Romsdal, Sogn og Fjordane,
Hedmark, Oppland, and Buskerud (Landbruks- og matde-
partementet 20164). These counties were selected because of
discovery of a novel type of CWD in 2 moose in the
municipality of Selbu (Pirisinu et al. 2018). From 2017-
2018, the ban was nationwide. The regulation of CWD
zones was implemented in 2017 (Landbruks- og matdepar-
tementet 2017). The CWD zone in Nordfjella included the
municipalities of Ulvik, Lerdal, Aurland, Hemsedal, and
parts of Eidfjord, Hol, and Al (north of road RV7), whereas
the CWD zone in Selbu included the municipalities of Selbu,
Klebu, Tydal, and Malvik and parts of Stjerdal, Meriker,
Melhus, Midtre Gauldal, Holtlen, and Reros (Fig. 1). The
regulation allows people or municipalities to apply for short-
term exceptions to the ban, but the exceptions are difficult to

grant within the CWD zones.
METHODS

Survey

Online surveys can access large and geographically distributed
populations (Lefever et al. 2007). We sent a survey as a web-
based questionnaire with a link sent by e-mail on 23 May
2018 and a reminder sent on 18 June 2018. We asked 7 main
questions: 1) Are you aware of whether there is or has been
supplemental feeding of cervids in your municipality? 2) Was
fodder made available for the moose, red deer, or roe deer in
your municipality (separate answers for 2016, 2017 and
2018)? 3) Has feeding been paid and performed by public or
private entities? 4) What was the purpose of the feeding? 5)
What was the type of feed used? 6) Approximately how
much feed was used per year? 7) During what months did
feeding occur? The questions were provided with a set of
selected answers, but opening for additional comments in a
separate field. The full questionnaire was in Norwegian
(available online in Supporting Information).

We sent surveys to the person responsible for wildlife
management in each of the 420 municipalities in Norway.
Most Norwegian municipalities are small with transparent
societies. In rural areas they may have <1,000 but more
commonly around 2,000-3,000 inhabitants. Wildlife man-
agers have extensive contact with land owners, hunters, forest
managers, and the public as part of deer hunting management
(e.g., setting quotas, reporting harvest data, setting manage-
ment aims in cooperation with land owners) and as part of
their obligations of reporting the number and cause of
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Figure 1. The spatial distribution of supplemental cervid feeding in Norway based on a survey in 2018. A regulation banning all supplemental feeding
targeting cervids to limit the chance of spreading chronic wasting disease (CWD) was first introduced before winter in 20162017 for the mid region of

Norway (first ban). From the winter 2017-2018, the ban was nationwide.

incidental mortalities of deer (e.g., deer-vehicle accidents,
animals found dead) in their municipality (Hoffman and Flo
2017). They are usually also the person in the municipality
that organizes any public feeding, alone or in cooperation with
landowners (those having hunting rights), and the one that on
behalf of the municipality or together with the Norwegian
Public Roads Administration or the National Rail Admin-
istration, finances the feeding. By regular interactions with
these wildlife managers, we feel confident that they are
reasonably well informed about the level of feeding in their
municipality and the best to answer these questions reliably.

Covariates Describing the Municipalities

We calculated the distance to the coast and the latitude
(Universal Transverse Mercator coordinates) from and at the
center point of each municipality, which was based on official

Norwegian maps available in a geographical information
system (GIS). From Statistics Norway (www.ssb.no, accessed
30 Jan 2019), we retrieved data on the proportion of forested
areas, agricultural land, high elevation areas (>200 m above sea
level), and the areas used for human settlements in each
municipality. Likewise, we retrieved data on cervid harvest
statistics for all municipalities from Statistics Norway (www.
ssb.no). As a proxy for population density, we used the number
of harvested roe deer, red deer, and moose per km? of cervid
habitat within the municipalities. Cervid habitat mainly
includes areas of forest and bogs and is the basis for issuing
harvest quotas to land owners (i.e., hunting right holders) by
wildlife managers. This density proxy has been tested against
independent abundance data and provides an accurate
reflection of the spatial variation in cervid densities at the

municipal scale (Mysterud et al. 2007, Ueno et al. 2014).
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Figure 2. The spatial distribution of cervids in Norway based on harvest statistics from 2016. The density is estimated as the number of animals harvested

divided by the forest and bog area/km? at the municipality scale.

Statistical Analysis

We used feeding or no feeding at the municipality level as a
binary response. We hence used the logistic regression for
analyses implemented in R version 3.5.1 (R Development
Core Team 2018).

Nonresponse bias.—Missing responses can introduce bias in
surveys (Aerny-Perreten et al. 2015). We used 2 approaches
to test for bias (Bregger et al. 2003, Svensson et al. 2012).
We ran spatial models analyzing the pattern of missing
values with the same covariates as described under analysis
of spatial extent in the next paragraph. We also tested
whether the results were associated with number of days
before answering the survey, or alternatively whether there
was an effect of answering before or after a reminder was
sent. We added these terms (number of days to response,
before or after reminder) to the best spatial extent and
temporal models (see below) to see if either term improved
model fit.

Spatial extent.—We ran models analyzing the spatial
extent of feeding based on the information from all the
respondents. We examined to what degree the feeding
varied with latitude, distance to coast, the proportion of
forest, the proportion of high (>200m above sea level)
elevation areas, and the harvest densities of moose, red deer,
and roe deer. We compared models including these
variables with a spatial variable of the broad regions (south,
east, west, mid, and north; Fig. 1).

Temporal pattern.—We then ran a model including only
the information from the respondents that reported that
feeding occurred in their municipality. We were interested
in the interaction term between year as a factor (winter
2015-2016, winter 20162017, and winter 2017-2018) and
the management status. The management status separated
the counties in which a feeding ban occurred in 2016-2017
versus those in which the ban was introduced in winter
2017-2018 (Fig. 1). There were too few municipalities to
use CWD zone (Nordfjella, Selbu) as a factor in the formal
analysis. We also tested whether the temporal feeding
pattern differed between the broad regions, combining
region into 2 categories (south and east vs. west, mid, and

north). For the temporal model, we used a mixed effect
logistic regression, including municipality as a random effect
(using the Ime4 R library).

We controlled for the spatial dependency of the
observations by adding a variable for the presence or
absence of feeding in the neighboring municipalities. We
used the Akaike’s Information Criterion corrected for small
sample sizes (AIC,) to compare the models (Burnham and
Anderson 1998). We selected the model with the lowest
AIC, value for parameter estimation. If there were models
with AAIC,<2, we used the model with the fewest
parameters.

RESULTS

Response Rate and Potential for Nonresponse Bias

We obtained a response rate of 65.7% (276 out of 420
municipalities), of which 84 of 276 (30.4%) came after the
second request to answer. Thirty-two individuals reported
for >1 municipality, but provided independent information
for each. For 5 municipalities, we received answers from 2
respondents involved in deer management, but their
responses were identical and hence treated as 1 response.
The probability of a municipality answering the question-
naire was higher for municipalities with a red deer
population, increased with moose density, and was higher
it >50% of the neighboring municipalities participated
(Table 1). The probability that we obtained an answer also
increased with increasing forest cover, but the strength of
this effect decreased at intermediate and high forest
proportions (i.e., the negative second-order term for the
forest proportion was significant). Hence, lack of response
was linked to areas with low populations of moose and red
deer and with few neighbors answering the survey, and
therefore in areas where feeding cervids is not a relevant
issue because of low population sizes. Among respondents,
we contrasted responses after the first and second request for
answers, and also investigated the effect of date of response
as a continuous variable. Neither of these variables lowered
the AIC, relative to the best spatial or temporal model of
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Table 1. Parameter estimates of the logistic regression models of the spatial pattern of the missing values and the spatial and temporal extent of
supplemental feeding of cervids at the municipality scale in Norway, before the ban was introduced and development during 2016-2018. We scaled the
continuous variables to a mean of zero and a variance of 1. The 2.5% and 97.5% are the boundaries of the estimated odds ratios (OR) or, for the intercept
(reference level), the odds. Spatial dependency1 (1-0 variable) was defined as 1 if the proportion of neighboring municipalities with feeding was >0.5. Spatial
dependency2 was defined as feeding (1) or no feeding (0) in neighboring municipalities.

Parameter Estimate SE V4 Pr(>|Z]) Odds or OR 2.5% 97.5%
Missing values
Intercept 0.132 0.268 0.492 0.623 1.14 0.67 1.94
Proportion of forest 0.028 0.123 0.229 0.819 1.03 0.81 1.31
Proportion of forest® —-0.310 0.115 —2.694 0.007 0.73 0.58 0.92
Red deer density above 0 0.895 0.255 3.506 <0.001 2.45 1.49 4.06
Moose density 0.429 0.153 2.806 0.005 1.54 1.15 2.10
Spatial dependencyl 0.738 0.242 3.047 0.002 2.09 1.30 3.36
Spatial extent
Intercept —1.464 0.412 —-3.550 <0.001 0.23 0.10 0.50
Proportion of area >200 m a.s.l. 0.389 0.176 2.208 0.027 1.48 1.05 2.10
Region north vs. west -1.134 0.530 -2.139 0.032 0.32 0.11 0.87
Region south vs. west 1.419 0.499 2.842 0.004 4.13 1.61 11.59
Region mid vs. west —0.480 0.491 -0.977 0.328 0.62 0.23 1.60
Region east vs. west 1.973 0.455 4.338 <0.001 7.20 3.05 18.44
Spatial dependency2 1.594 0.434 3.675 <0.001 4.93 2.16 11.98
Temporal effects
Intercept 3.172 0.904 3.507 0.001 23.85 5.16 231.79
Year 2017 vs. 2016 —2.529 0.758 —3.336 0.001 0.08 0.02 0.32
Year 2018 vs. 2016 —2.892 0.780 —3.706 <0.001 0.06 0.01 0.23
Region south + east vs. west + mid 4 north 0.690 0.938 0.735 0.462 1.99 0.34 15.28
Year 2017:region south + east 2.152 0.897 2.398 0.016 8.60 1.59 56.07
Year 2018:region south + east 3.329 0.969 3.436 0.001 2791 4.67 218.58

feeding when added alone or in interaction with other
relevant variables (Table S1, available online in Supporting
Information). Thus, our sample is representative for the
areas in which population sizes of cervids are high enough
to make feeding a relevant management issue from the
perspective of local practitioners.

Spatial Extent of Feeding

Among the respondents, 53.3% said they knew about the
supplemental feeding of cervids in their municipality. The
remaining 46.7% were not aware of any ongoing feeding of
cervids in their municipality, indicating feeding was absent
or at least rare in their area. Before the onset of the feeding
ban, there was less feeding in the north and in mid-Norway,
and more feeding in the south and east than in the west
(Table 1). The models including the broad regional
categories or longitudes and latitudes outcompeted the
models that included the covariates of the roe deer, moose,
or red deer population densities (AAIC,>2). However,
cervid population densities correlated with the regions
(Fig. 2). Red deer are mainly found on the west coast, with
lower feeding levels, whereas roe deer and moose have
denser populations in the eastern and southern parts of
Norway, with more feeding. In the mid and northern parts
of Norway with the lowest feeding levels, the moose density
was lower and roe deer were only present in a few areas.
Among the environmental variables, only the proportion of
high elevation areas entered the best model, indicating more
feeding in municipalities with a large proportion of total
area >200m above sea level. This elevation variable
correlated with the distance to the coast, but the model
with elevation rather than distance to coast gave a slightly

better fit to the data (AAIC,=—1.4).

Temporal Pattern of Feeding Before and After
Regulation

Among those reporting the occurrence of supplemental
teeding, 80.8% of the municipalities fed in 2015-2016, of
which 70.5% continued to feed in 2016—2017 and 73.3% in
2017-2018. In the region with the first ban, 80.2% of the
municipalities were feeding in 2015-2016. This share was
reduced to 68.4% in 2016-2017 and remained at 68.4% in
2017-2018. In the remainder of Norway, 81.4% were
feeding in 2015-2016 and 72.6% in 2016—2017, but this
increased to 78.6% instead of decreasing after the ban in
2017-2018. The best spatial representation of the pattern
was south and east Norway combined, with a higher feeding
level than the west, mid, and north of Norway combined.
The best model based on AIC, score included year as a
categorical variable and the interaction term year X region.
The interaction indicated a decline in the proportion of
municipalities feeding in winter 2016-2017 compared to
winter 2015-2016 and in winter 2017-2018 compared to
winter 2015-2016 for the west, mid, and north of Norway
(Table 1). We did not observe a decline in winter 2016—
2017 or winter 2017-2018 for the south and east regions.
Adding management status (AAIC,=1.9) or the manage-
ment status X year interaction increased the AIC, score
(AAIC, = 14.9 if management status X year is used instead
of the region X year interaction); hence, the timing of the
ban had little predictive power for explaining the feeding
pattern. Some municipalities also reported feeding occur-

rence in the Nordfjella and Selbu CWD zones.

Duration, Intention, and Feeding Type
Most of the feeding occurred in winter, with 92.5% of the
municipalities feeding in January (of those reporting that

supplemental feeding occurred), 97.3% in February, 87.7%
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in March, 39.7% in April, 0.7% in May, 0% in June, 0.7% in
July, 2.7% in August, 3.4% in September, 6.2% in October,
37.0% in November, and 63.7% in December (7 = 146).
Increasing survival during winter was the most commonly
reported motivation for supplementary feeding, with 48.4%
(90 of 186) aimed at roe deer, 20.5% (47 of 229) aimed at
red deer, and 7.4% (19 of 256) aimed at moose. The
reduction of traffic accidents was the second main
motivation, of which 7.8% (20 of 256) were aimed at roe
deer, 3.8% (10 of 266) aimed at red deer, 14.5% (35 of 241)
aimed at moose, and 3.8% (10 of 266) aimed at all cervids.
Only 3.8% (10 of 266) noted that the motivation for feeding
was to reduce forest damage. In 2016 (n = 135), the feeding
was organized by private individuals in 79.3% of the
municipalities and by the public community in 3.7% of the
municipalities, whereas in 17.0% of the municipalities,
the feeding was organized by both private and public
communities. Among the 20.7% in 2016 reporting the
feeding was organized by the public (or public and private),
the feeding intention was to reduce car-vehicle collisions in
86% (24 of 28) of the cases. Only 114 respondents reported
when the cervid feeding was initiated; hence, the reports
were likely biased towards those with a recent onset. Only
9.6% reported that the feeding started from 1980-1989,
14.9% from 1990-1999, and 42.1% from 2000-2009,
whereas the remaining 33.3% started after 2010.

Hay bales were offered as feed in 76.0% of the
municipalities (7 =146), but they were typically combined
with oats or grain pellets (25.3%), vegetables (52.1%, of
which carrots were identified for 35.5%), fruits (20.5%, of
which apples were identified for 45.5%), bread (6.2%) and
silage (8.9%). Several noted that the hay bales for livestock
were unintentionally used by cervids when they were stored
in agricultural fields. The mean number of hay bales
provided per municipality per winter was 188 (10-1,700),
but the sample of respondents indicating the number
was low (7 =28). The number of feeding areas in each
municipality was on average 13 and as high as 60 (n=72).
Many noted that the number of private feeding places of roe
deer was unknown but likely to be extensive, so these figures
should be viewed with caution.

DISCUSSION

Cervid management in Europe has mainly been for hunting
but also for regulating populations to avoid adverse effects
on agriculture and forestry and reducing deer-vehicle
collisions (Apollonio et al. 2010). With the emergence of
CWD, this situation has changed in Norway; limiting
the transmission and spread of disease are becoming an
integral component of cervid management (Mysterud and
Rolandsen 2018). This is likely to become an issue in any
country in Europe with CWD detection (Mysterud and
Edmunds 2019). One important measure in Norway is the
ban on the widespread practice of winter feeding because
this concentrates cervids and may promote disease trans-
mission. Feeding bans are a commonly implemented
management practice in the United States to limit CWD
(Williams et al. 2002, Inslerman et al. 2006) and other

diseases, such as bovine tuberculosis (Rudolph et al. 2006).
Feeding and disease transmission is also of relevance for the
spread of African swine fever in Europe (European Food
Safety Authority Panel on Animal Health and Welfare et al.
2018) and it may become illegal to feed wild boar (Sus
scrofa). Understanding the implementation uncertainty of
regulations with regard to feeding is therefore of general
interest. Our study documents the limited ability of legal
regulations to limit such feeding in the face of a severe
wildlife epidemic.

Feeding cervids and wildlife in general clearly affects the
behavior and performance of individuals, especially under
adverse conditions (Schmidt and Hoi 2002). As expected at
these northern latitudes, most of the feeding occurs in
winter. The feeding of roe deer accounted for almost half of
the intentional feeding and typically consisted of vegetables
and fruits in addition to hay bales. Starvation and high
mortality are typical of roe deer populations during severe
winters (Cederlund and Lindstrom 1983). The winter of
2016-2017 was milder than the snow-rich winter of 2017—
2018, at least in the south of Norway, where roe deer
dominate. Therefore, when the feeding ban became
nationwide, the proportion of municipalities that were
feeding slightly increased instead of decreasing, most likely
as a result of the harsher winter. Feeding was more common
in municipalities with a higher proportion of high elevation
areas, which are municipalities with a higher proportion of
migratory cervids and a larger seasonal range contraction
(Mysterud et al. 2001). A limitation of our study was that
tew respondents reported the feeding level, but some of the
municipalities reported using >1,000 hay bales. Estimating
the number of feeding sites across Norway was beyond the
scope and economy of our project. Our aim was to assess the
spatial extent of feeding and the level of compliance to a
new regulation across broad scales. Our study has
limitations in design regarding detecting more fine-scale
variation in feeding because there may be an effect of less
teeding beyond the proportion of municipalities with
feeding or no feeding. However, our results are consistent
with observations from Michigan, USA, where the baiting
and feeding of white-tailed deer continued after a regulatory
ban was implemented in an area with bovine tuberculosis
(Carstensen et al. 2011), with consequences for further
disease transmission (Cosgrove et al. 2018).

Implementation uncertainty around new policy is often
considerable in wildlife management (Nichols et al. 1995).
Changing the behavior of hunters and people in general
through regulations can be difficult to achieve, even for
more ordinary hunting management goals (Cornicelli et al.
2011, Cornicelli and Grund 2011, Schroeder et al. 2017,
Watkins et al. 2018). In Wisconsin, USA, the implemen-
tation of new harvesting regimes in the form of deer antler
tine restrictions were met with skepticism because of
established beliefs (Cornicelli and Grund 2011), and
introducing antlerless moose hunting in Alaska, USA, led
to agency mistrust (Brinkman 2018). The management
actions for limiting disease transmission are often more
pronounced (Uehlinger et al. 2016), and hunter reactions
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can be difficult to predict and counter to expectations
(Heberlein 2004, Holsman et al. 2010). In the United
States, hunters’ attitudes are sometimes negative towards
regulations that limit CWD (Haus et al. 2017). It was
therefore not surprising that many people continued feeding
the cervids even after the ban was introduced in Norway,
although the level documented here was high. For feedings
organized by the public, the main intention in 86% of the
cases was to reduce traffic accidents, and there was
resistance to end these feedings. Though a review reported
that diversionary feeding appears to be a promising tool for
accident prevention (Milner et al. 2014), there is scarce
scientific evidence regarding the efficacy of feeding to
reduce deer-vehicle collisions. The most commonly cited
study reported the expected effect in only 2 of 6 cases and
the reverse effect in 1 of 6 cases (Wood and Wolfe 1988),
and another study had a sample size that was too low to
draw conclusions (Peterson and Messmer 2011). Current
evidence suggests a weak effect at best, and reducing the
density of cervids is likely more efficient than feeding to
reduce deer-vehicle collisions (Mysterud 2004, Rolandsen
et al. 2011).

A lack of knowledge about the ban may be an issue. We
searched the Retriever database (https://web.retriever-info.
com/services/archive.html, accessed 14 Jan 2019) containing
all paper and online news channels in Norway for the terms
“ban AND feeding” and “roe deer OR red deer OR moose
OR cervids” during the last 3 years and obtained 183 hits, of
which 26.8% were in 2016, 15.8% were in 2017, and 57.4%
were in 2018. This can be compared to 6,210 hits on CWD
during the same time frame. In a survey performed by
Norstat on behalf of the Norwegian Institute for Nature
Research for the general public in Norway, 33.2% had not
heard about the feeding ban, and only 55% understood the
necessity of a ban (C. M. Rolandsen, Norwegian Institute
for Nature Research, unpublished data). The survey was also
distributed by e-mail and social media to members of the
Norwegian Association of Hunters and Anglers and hunters
in general. Among the responding hunters, 98% had heard
about the feeding ban, but as for the general public, only
roughly half of them (56%) sympathized with the ban
(C. M. Rolandsen, unpublished data). Part of the reason for
this result may be the common conception that the
regulation is too strong given the current disease situation.
How stakeholders perceive disease risk is important
(Hanisch-Kirkbride et al. 2013, Triezenberg et al. 20144).
The implementation of a national ban on feeding cervids in
Norway is a rather extreme implementation of the precau-
tionary principle. All of the cases of the classic contagious
type of CWD are currently restricted to a single population
of wild alpine reindeer (Benestad et al. 2016, Viljugrein
et al. 2019) within the CWD zone in Nordfjella (Fig. 1), yet
the ban was applied to all of Norway. The new type of
CWD discovered in moose is assumed to have low or no
transmissibility (Pirisinu et al. 2018). It is therefore a risk
that the national ban on feeding can lead to the erosion of
trust for more necessary actions that are taking place to fight

classic CWD.

There is little doubt that the feeding ban should be
implemented in areas with CWD, but then compliance and
regulation enforcement are important issues to consider
(Rudolph and Riley 2017). Information campaigns may have
some effect on changing hunter behavior in efforts to control
disease (Muter et al. 2013), but the media may overemphasize
scientific uncertainty (Heberlein and Stedman 2009), and the
effects of campaigns to change behavior are not always strong
(Triezenberg et al. 20145, 2016). New antler restrictions were
enforceable and adhered to by hunters despite the low social
acceptance of a regulation change (Wallingford et al. 2017).
The social consideration regarding the implementation scale of
a baiting ban was important for the efficacy of fighting
tuberculosis among white-tailed deer in Michigan, USA
(Rudolph et al. 2006). Supplementary feeding may, in some
cases, promote the spread of pathogens (Becker et al. 2018),
but it is likely to mainly affect the transmission of CWD in a
given area. The distribution of supplemental feed may also
affect contact rates and the assumed disease transmission
(Creech et al. 2012), and a more dispersed local feeding
distribution may be a publicly more acceptable alternative to a
full feeding ban in areas without CWD detection.

MANAGEMENT IMPLICATIONS

A wide cervid feeding ban with little or no regulation
enforcement is occurring in Norway. It may be advisable to
ban cervid feeding only in or near areas where CWD is
detected, and that the enforcement of the ban in such areas
should be much stronger than it is today. In areas without
CWD detection, a more dispersed local feeding distribution
should be considered as an alternative to a full ban. With
such a change in strategy, the management to limit CWD
and potentially the transmission of other diseases may
become more effective because of a higher level of
adherence, yet this remains to be documented.

ACKNOWLEDGMENTS

We are grateful to all the wildlife managers that answered
our questionnaire.

LITERATURE CITED

Aerny-Perreten, N., M. Dominguez-Berjén, M. D. Esteban-Vasallo, and
C. Garcia-Riolobos. 2015. Participation and factors associated with late
or non-response to an online survey in primary care. Journal of Evalua-
tion in Clinical Practice 21:688-693.

Apollonio, M., R. Andersen, and R. Putman. 2010. European ungulates
and their management in the 21st century. Cambridge University Press,
Cambridge, United Kingdom.

Becker, D. J.,, C. E. Snedden, S. Altizer, and R. J. Hall. 2018. Host
dispersal responses to resource supplementation determine pathogen
spread in wildlife metapopulations. American Naturalist 192:503-517.

Benestad, S. L., G. Mitchell, M. Simmons, B. Ytrehus, and T. Vikeren.
2016. First case of chronic wasting disease in Europe in a Norwegian
free-ranging reindeer. Veterinary Research 47:88.

Blanchong, J. A., K. T. Scribner, B. K. Epperson, and S. R. Winterstein.
2006. Changes in artificial feeding regulations impact white-tailed deer
fine-scale spatial genetic structure. Journal of Wildlife Management
70:1037-1043.

Brinkman, T. J. 2018. Hunter acceptance of antlerless moose harvest in
Alaska: importance of agency trust, proximity of hunter residence to
hunting area, and hunting experience. Human Dimensions of Wildlife
23:129-145.

Mysterud et al. * Ban Supplementary Feeding

1673


https://web.retriever-info.com/services/archive.html
https://web.retriever-info.com/services/archive.html

Bregger, ]., P. Bakke, G. E. Eide, and A. Gulsvik. 2003. Contribution of
follow-up of nonresponders to prevalence and risk estimates: a Norwe-
gian respiratory health survey. American Journal of Epidemiology
157:558-566.

Brown, R. D., and S. M. Cooper. 2006. The nutritional, ecological, and
ethical arguments against baiting and feeding white-tailed deer. Wildlife
Society Bulletin 34:519-524.

Burnham, K. P.; and D. R. Anderson. 1998. Model selection and in-
ference: a practical information-theoretic approach. Springer, New York,
New York, USA.

Carstensen, M., D. J. O’Brien, and S. M. Schmitt. 2011. Public acceptance
as a determinant of management strategies for bovine tuberculosis in
free-ranging U.S. wildlife. Veterinary Microbiology 151:200-204.

Cederlund, G., and E. Lindstrom. 1983. Effects of severe winters and fox
predation on roe deer mortality. Acta Theriologica 28 7:129-145.

Cornicelli, L., D. C. Fulton, M. D. Grund, and J. Fieberg. 2011. Hunter
perceptions and acceptance of alternative deer management regulations.
Wildlife Society Bulletin 35:323-329.

Cornicelli, L., and M. D. Grund. 2011. Assessing deer hunter attitudes
toward regulatory change using self-selected respondents. Human Di-
mensions of Wildlife 16:174-182.

Cosgrove, M. K., D. J. O’Brien, and D. S. L. Ramsey. 2018. Baiting and
feeding revisited: modeling factors influencing transmission of tuber-
culosis among deer and to cattle. Frontiers in Veterinary Science 5:306.

Creech, T. G., P. C. Cross, B. M. Scurlock, E. J. Maichak, J. D. Rogerson,
J. C. Henningsen, and S. Creel. 2012. Effects of low-density feeding on
elk-fetus contact rates on Wyoming feedgrounds. Journal of Wildlife
Management 76:877-886.

European Food Safety Authority Panel on Animal Health and Welfare,
S. More, M. A. Miranda, D. Bicout, A. Botner, A. Butterworth, P.
Calistri, S. Edwards, B. Garin-Bastuji, M. Good, et al. 2018. African
swine fever in wild boar. EFSA Journal 16:e05344.

Gillin, C. M., and J. R. Mawdsley. 2018. AFWA Technical report on best
management practices for surveillance, management and control of
chronic wasting disease. Association of Fish and Wildlife Agencies,
Washington, D.C., USA.

Hanisch-Kirkbride, S. L., S. J. Riley, and M. L. Gore. 2013. Wildlife
disease and risk perception. Journal of Wildlife Diseases 49:841-849.
Haus, J. M., T. B. Eyler, M. D. Duda, and ]. L. Bowman. 2017. Hunter
perceptions toward chronic wasting disease: implications for harvest and

management. Wildlife Society Bulletin 41:294-300.

Heberlein, T. A. 2004. “Fire in the Sistine Chapel”: How Wisconsin re-
sponded to chronic wasting disease. Human Dimensions of Wildlife
9:165-179.

Heberlein, T. A., and R. C. Stedman. 2009. Socially amplified risk: atti-
tude and behavior change in response to CWD in Wisconsin deer.
Human Dimensions of Wildlife 14:326-340.

Hoffman, M., and B. E. Fle. 2017. Reconciling local control with ap-
propriate scale in Norwegian moose management. Journal of Environ-
mental Policy & Planning 19:183-196.

Holsman, R. H., J. Petchenik, and E. E. Cooney. 2010. CWD after “the
fire”: Six reasons why hunters resisted Wisconsin’s eradication effort.
Human Dimensions of Wildlife 15:180-193.

Inslerman, R. A., J. E. Miller, D. L. Baker, J. E. Kennamer, R. Cum-
berland, E. R. Stinson, P. Doerr, and S. ]J. Williamson. 2006. Baiting
and supplemental feeding of game wildlife species. Technical Review
06-1. The Wildlife Society, Bethesda, Maryland, USA.

Justis- og beredskapsdepartementet. 2017. Lov om behandlingsmaten i for-
valtningssaker (forvaltningsloven). LOV-1967-02-10 last revised LOV-
2017-06-16-63 from 01.01.2018. Justis- og beredskapsdepartementet, Oslo,
Norway. https://lovdata.no/dokument/NL/lov/1967-02-10

Landbruks- og matdepartementet. 20164. Forskrift om tiltak for 4 begrense
spredning av Chronic Wasting Disease (CWD). [Regulation about
measures to limit spread of Chronic Wasting Disease (CWD)]. FOR-
2016-07-11-913 edited FOR-2017-11-024-1822. Landbruks- og mat-
departementet, Oslo, Norway. https://lovdata.no/dokument/SE/
forskrift/2016-07-11-913?q=cwd

Landbruks- og matdepartementet. 20164. Regulation 11 July 2016 No 913
concerning measures to reduce the spread of Chronic Wasting Disease
(CWD). Landbruks- og matdepartementet, Oslo, Norway. https://
lovdata.no/dokument/SF/forskrift/2016-07-11-913?q=cwd

Landbruks- og matdepartementet. 2017. Forskrift om sone ved pavisning av
Chronic Wasting Disease (CWD-sone). Landbruks- og matdepartementet,

Oslo, Norway. [Regulation about zones with detected Chronic Wasting
Disease (CWD-zones)] FOR-2017-06-12-734 edited FOR-2018-07-06-
1163 (https://lovdata.no/dokument/SF/forskrift/2017-06-12-734).

Lefever, S., M. Dal, and A. Matthiasdéttir. 2007. Online data collection in
academic research: advantages and limitations. British Journal of Edu-
cational Technology 38:574-582.

Mathisen, K. M., J. M. Milner, F. M. van Beest, and C. Skarpe. 2014.
Long-term effects of supplementary feeding of moose on browsing im-
pact at a landscape scale. Forest Ecology and Management 314:104-111.

Mejia-Salazar, M. F., C. L. Waldner, Y. T. Hwang, and T. K. Bollinger.
2018. Use of environmental sites by mule deer: a proxy for relative risk of
chronic wasting disease exposure and transmission. Ecosphere 9:¢02055.

Milner, J. M., F. M. van Beest, K. T. Schmidt, R. K. Brook, and T.
Storaas. 2014. To feed or not to feed? Evidence of the intended and
unintended effects of feeding wild ungulates. Journal of Wildlife Man-
agement 78:1322-1334.

Milner, J. M., S. J. Wedul, S. Laaksonen, and A. Oksanen. 2013. Gas-
trointestinal nematodes of moose (Ales alces) in relation to supple-
mentary feeding. Journal of Wildlife Diseases 49:69-79.

Murray, M. H., D. J. Becker, R. J. Hall, and S. M. Hernandez. 2016.
Wildlife health and supplemental feeding: a review and management
recommendations. Biological Conservation 204, Part B:163-174.

Muter, B. A., M. L. Gore, S. J. Riley, and M. K. Lapinski. 2013. Eval-
uating bovine tuberculosis risk communication materials in Michigan
and Minnesota for severity, susceptibility, and efficacy messages. Wildlife
Society Bulletin 37:115-121.

Mysterud, A. 2004. Temporal variation in the number of car-killed red
deer Cervus elaphus in Norway. Wildlife Biology 10:203-211.

Mysterud, A., W. R. Easterday, V. M. Stigum, A. B. Aas, E. L. Mei-
singset, and H. Viljugrein. 2016. Contrasting emergence of Lyme disease
across ecosystems. Nature Communications 7:11882.

Mysterud, A., and D. R. Edmunds. 2019. A review of chronic wasting
disease in North America with implications for Europe. European
Journal of Wildlife Research 65:26.

Mysterud, A., R. Langvatn, N. G. Yoccoz, and N. C. Stenseth. 2001.
Plant phenology, migration and geographic variation in body weight of a
large herbivore: the effect of a variable topography. Journal of Animal
Ecology 70:915-923.

Mysterud, A., E. L. Meisingset, V. Veiberg, R. Langvatn, E. J. Solberg, L.
E. Loe, and N. C. Stenseth. 2007. Monitoring population size of red
deer: an evaluation of two types of census data from Norway. Wildlife
Biology 13:285-298.

Mysterud, A., and C. M. Rolandsen. 2018. A reindeer cull to prevent chronic
wasting disease in Europe. Nature Ecology and Evolution 2:1343-1345.
Nichols, J. D., F. A. Johnson, and B. K. Williams. 1995. Managing North
American waterfow] in the face of uncertainty. Annual Review of

Ecology and Systematics 26:177-199.

Ossi, F., J.-M. Gaillard, M. Hebblewhite, N. Morellet, N. Ranc, R. Sandfort,
M. Kroeschel, P. Kjellander, A. Mysterud, J. D. C. Linnell, M. Heurich, L.
Soennichsen, P. Sustr, A. Berger, M. Rocca, F. Urbano, and F. Cagnacci.
2017. Plastic response by a small cervid to supplemental feeding in winter
across a wide environmental gradient. Ecosphere 8:¢01629.

Pérez-Gonzilez, J., A. M. Barbosa, J. Carranza, and J. Torres-Porras.
2010. Relative effect of food supplementation and natural resources on
female red deer distribution in a Mediterranen ecosystem. Journal of
Wildlife Management 74:1701-1708.

Peterson, C., and T. A. Messmer. 2011. Biological consequences of winter-
feeding in mule deer in developed landscapes in northern Utah. Wildlife
Society Bulletin 35:252-260.

Pirisinu, L., L. Tran, B. Chiappini, I. Vanni, M. A. Di Bari, G. Vaccari, T.
Vikeren, K. Madslien, J. Vage, T. Spraker, G. Mitchell, A. Balachan-
dran, T. Baron, C. Casalone, C. M. Rolandsen, K. H. Roed, U. Agrimi,
R. Nonno, and S. L. Benestad. 2018. A novel type of chronic wasting
disease detected in European moose (Ales alces) in Norway. Emerging
Infectious Diseases 24:2210-2218.

Plummer, I. H., C. J. Johnson, A. R. Chesney, J. A. Pedersen, and M. D.
Samuel. 2018. Mineral licks as environmental reservoirs of chronic
wasting disease prions. Plos One 13:¢0196745.

Putman, R. J., and B. W. Staines. 2004. Supplementary winter feeding of
wild red deer Cervus elaphus in Europe and North America: justifications,
feeding practice and effectiveness. Mammal Review 34:285-306.

R Development Core Team. 2018. R: a language and environment for stat-
istical computing. R Foundation for Statistical Computing, Vienna, Austria.

1674

The Journal of Wildlife Management * 83(8)


https://lovdata.no/dokument/NL/lov/1967-02-10
https://lovdata.no/dokument/SF/forskrift/2016-07-11-913?q=cwd
https://lovdata.no/dokument/SF/forskrift/2016-07-11-913?q=cwd
https://lovdata.no/dokument/SF/forskrift/2016-07-11-913?q=cwd
https://lovdata.no/dokument/SF/forskrift/2016-07-11-913?q=cwd
https://lovdata.no/dokument/SF/forskrift/2017-06-12-734

Rolandsen, C. M., E. J. Solberg, I. Herfindal, B. Van Moorter, and B.-E.
Sather. 2011. Large-scale spatiotemporal variation in road mortality of
moose: is it all about population density? Ecosphere 2:article 113.

Rudolph, B. A., and S. J. Riley. 2017. Gaining compliance and cooperation
with regulated wildlife harvest. Pages 77-96 in M. L. Gore, editor. Con-
servation criminology. Wiley-Blackwell, Hoboken, New Jersey, USA.

Rudolph, B. A,, S. J. Riley, G. J. Hickling, B. J. Frawley, M. S. Garner,
and S. R. Winterstein. 2006. Regulating hunter baiting for white-tailed
deer in Michigan: biological and social considerations. Wildlife Society
Bulletin 34:314-321.

Schmidt, K. T., and H. Hoi. 2002. Supplemental feeding reduces natural
selection in juvenile red deer. Ecography 25:265-272.

Schroeder, S. A., D. C. Fulton, J. S. Lawrence, and S. D. Cordts. 2017.
How hunter perceptions of wildlife regulations, agency trust, and sat-
isfaction affect attitudes about duck bag limits. Human Dimensions of
Wildlife 22:454-475.

Smith, B. L. 2001. Winter feeding of elk in western North America.
Journal of Wildlife Management 65:173-190.

Sorensen, A., F. M. van Beest, and R. K. Brook. 2014. Impacts of wildlife
baiting and supplemental feeding on infectious disease transmission risk:
a synthesis of knowledge. Preventive Veterinary Medicine 113:356-363.

Svensson, M., T. Svensson, A. W. Hansen, and Y. Trolle Lagerros. 2012.
The effect of reminders in a web-based intervention study. European
Journal of Epidemiology 27:333-340.

Triezenberg, H. A., M. L. Gore, S. J. Riley, and M. K. Lapinski. 20144.
Perceived risks from disease and management policies: an expansion and
testing of a zoonotic disease risk perception model. Human Dimensions
of Wildlife 19:123-138.

Triezenberg, H. A., M. L. Gore, S. J. Riley, and M. K. Lapinski. 20144.
Persuasive communication aimed at achieving wildlife-disease manage-
ment goals. Wildlife Society Bulletin 38:734~740.

Triezenberg, H. A., S. J. Riley, and M. L. Gore. 2016. A test of com-
munication in changing harvest behaviors of deer hunters. Journal of
Wildlife Management 80:941-946.

Uehlinger, F. D., A. C. Johnston, T. K. Bollinger, and C. L. Waldner.
2016. Systematic review of management strategies to control chronic

wasting disease in wild deer populations in North America. BMC
Veterinary Research 12:1-16.

Ueno, M., E. J. Solberg, H. Iijima, C. M. Rolandsen, and L. E. Gangsei.
2014. Performance of hunting statistics as spatiotemporal density indices
of moose (Alces alces) in Norway. Ecosphere 5:13.

van Beest, F., L. E. Loe, A. Mysterud, and J. M. Milner. 2010. Com-
parative space use and habitat selection of moose around feeding stations.
Journal of Wildlife Management 74:219-227.

Viljugrein, H., P. Hopp, S. L. Benestad, E. B. Nilsen, J. Vage, S.
Tavornpanich, C. M. Rolandsen, O. Strand, and A. Mysterud. 2019.
A method that accounts for differential detectability in mixed samples
of long-term infections with applications to the case of chronic
wasting disease in cervids. Methods in Ecology and Evolution 10:
134-145.

Wallingford, B. D., D. R. Diefenbach, E. S. Long, C. S. Rosenberry, and
G. L. Alt. 2017. Biological and social outcomes of antler point restriction
harvest regulations for white-tailed deer. Wildlife Monographs 196:1-26.

Watkins, C., N. C. Poudyal, C. Caplenor, D. Buehler, and R. Applegate.
2018. Motivations and support for regulations: a typology of eastern wild
turkey hunters. Human Dimensions of Wildlife 23:433-445.

Williams, E. S., M. W. Miller, T. J. Kreeger, R. H. Kahn, and E. T.
Thorne. 2002. Chronic wasting disease of deer and elk: a review with
recommendations for management. Journal of Wildlife Management
66:551-563.

Wood, P., and M. L. Wolfe. 1988. Intercept feeding as a means of re-
ducing deer-vehicle collisions. Wildlife Society Bulletin 16:376-380.

Associtate Editor: Scott McCorquodale.

SUPPORTING INFORMATION

Additional supporting information may be found in the
online version of this article at the publisher’s website.

Mysterud et al. * Ban Supplementary Feeding

1675





